directly affected. Therefore, agents that influence the balance between the filamentous and globular forms University of Wisconsin at Madison 433 Babcock Drive offer great opportunities for controlling numerous cellular functions. Madison, Wisconsin 53706 2 Department of Physiology Swinholide A is one of the better-characterized membrane permeable and specific inhibitors of actin fila-University of Wisconsin at Madison 1300 University Avenue ments network and is actively used in the cell biological studies [9, 10]. It is a symmetric macrolide and has Madison, Wisconsin 53706 3 Department of Chemistry, Biology, and Marine been shown to bind two actins [7, 8]. Cytotoxicity of swinholide A is proposed to result from its actin fila-Science University of the Ryukyus ment severing and actin monomer sequestering activities, although the precise mechanism of swinholide A Nishihara, Okinawa 903-0213 Japan interaction with actin is unknown. To resolve this question and to provide a framework for designing new pharmacological compounds, we have crystallized and Summary
adopts a figure eight-like conformation that enables Actin Binding Site and Comparison to Other Toxins
As might be expected based on the chemical composi-both of its side chains to swing away from the ring to interact with two actin molecules. Contacts between tion of the toxin, the interaction between swinholide A and actin is mostly of hydrophobic nature. The actin the toxin and protein are extensive and distributed approximately equally between the macrolide ring and binding site can be divided into two parts (Figure 2A) . A hydrophobic patch on the surface of the protein (resi-side chain moieties of swinholide A. Upon binding of swinholide to two actins, a total of 2330 Å 2 of molecular dues Ala144, Gly146, Ile341-Leu349), interacts with the macrolide ring, and the hydrophobic cleft between ac-surface area is buried where 36% of the swinholide A molecular surface area becomes inaccessible. Interest-tin subdomains 1 and 3, into which the swinholide A side chain is inserted (residues Gly168, Tyr143, Thr148, ingly, the complete interaction of a single actin molecule with swinholide A cannot be described in terms Tyr169, Leu346, Ile345, Leu349, Thr351, Met355). Additionally, hydrogen bonds between carbonyl oxygens of of a simple division of the 2-fold symmetric macrolide. Instead, atoms from both halves of the toxin make con-Ser145 and Gly146 and hydroxyl groups of swinholide A (O2 and O5, respectively) contribute to the observed tact with a single actin molecule ( Figure 1C) .
The solved structure unequivocally shows that a pre-conformation of the bound toxin. As proposed earlier [11] , it is very likely that the hydrophobic cleft between vious conclusion that swinholide A stabilizes the disulfide-linked "lower" actin dimer [7] was in error. The lat-actin subdomains 1 and 3 is crucial for the actin monomers interaction with each other in the polymeric F-actin ter consists of an anti-parallel arrangement of actin monomers that is stabilized by S-S crosslinking be-structure. This provides an attractive explanation as to why swinholide A inhibits polymerization and severs tween two Cys374 residues [13, 14] . In contrast, the two actins in the complex seen here, for all intents and actin filaments. The overall actin binding site for swinholide A is purposes, do not interact with each other, with the exception of a salt bridge between opposing Asp25 and nearly identical to the binding site for members of the trisoxasole family of marine toxins identified previously Lys328 residues. Additionally, no disulfide bonds are observed anywhere in the crystal. Thus, it is clear that [11] . This is remarkable given that there is no obvious structural similarity between these families of macro-the actin dimer bound to swinholide A represents a nonphysiological entity that is incompatible neither lides (Figure 2) 
